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EFFECT OF DOWCO 290 ON RNA SYNTHESIS IN 
SOYBEAN I1YPOCOTYL 

Yih-Ming Chen*‘> and Chu-Yung Lin**> 


Abstract: Dowco 290 (3,'6-dichoropicolinic acid), a new product of 
the Dow Chemical Company U. S. A., is a herbicide. The treatment of 
intact soybean hypocotyl with this herbicide leads to a very marked aberra¬ 
tion in the growth pattern. After Dowco 290 treatment, cell division in 
the mcristematic zone is inhibited; cell elongation ceases in the meristematic 
and elongation zones, and radial enlargement of cells occur in the elonga¬ 
tion and mature zone. This abnormal proliferation of the mature hy¬ 
pocotyl is associated with the increment of nucleolar size (the diameter 
was 1.5 to 2.5 m« for untreated and 4 to 6 m/r for treated nucleoli), however 
there was no significant alteration in size of the nuclei (about 6x8 to 
l0m/0. The relative DNA, RNA and protein values are about 1:3:11 
for the untreated nuclei, however, the nuclei isolated from Dowco 290 
treated tissues contained almost twice as much RNA and protein as the 
untreated nuclei. The treatment of Dowco 290 on soyean hypocotyls is 
also associated with an enhancement of chromatin bound RNA polymerase 
I activity. 

The nuclei isolated from Dowco 290 treated tissues showed about five 
times as much RNA polymerase I activity as the nuclei isolated from un¬ 
treated tissues. But there was no significant difference in the level of 
RNA polymerase II activity expressed in the nuclei from untreated and 
treated tissues. RNA polymerases were solubilized from isolated nuclei 
and then were fractionated on DEAE-cellulose column, the results show 
that treated and untreated tissues contained nearly equivalent levels of 
RNA polymerase II, but the treated nuclei have a 3 to 4 fold higher level 
of RNA polymerase I than the untreated nuclei. 

INTRODUCTION 

DOWCO 290 (3,6-dichloropicolinic acid), a new product of the DOW Chemical Com¬ 
pany, is a herbicide. This herbicide when tested on a trial basis has been shown to give ex¬ 
cellent results on phenoxy-toterant weeds such as the Polygonums and Composites which in¬ 
fest the small grains and other crops. Its potential for the control of herbaceous perennials 
weeds has also been investigated* 4 ’. The treatment of the intact soybean hypocotyl with 
DOWCO 290 leads to very marked aberrations in the growth pattern (see Fig. 1). This ob¬ 
servation is very similar to the response when the etiolated soybean seedlings were sprayed 
with synthetic auxin 2,4-D. After auxin treatment, cell division is inhibited in the meriste¬ 
matic zone and cell elongation ceases in the meristematic and elongation zones***’; radial 
enlargement of the cells occur in the elongation and mature zones. The abnormal prolifer¬ 
ation of the mature hypocotyl is proceeded by a large increase in RNA, especially ribosomal 
RNA***’**’. This large accumulation of RNA in mature tissues is associated with an en¬ 
hanced chromatin-directed RNA synthetic activity***’. The higher RNA synthetic activity of 
chromatin from the auxin-treated tissue relates mainly to a large increase in the level of an 
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Fig. 1. Diagrams of soybean seedlings were show the difference between 
normal and DOWCO 290 induces growth transition. 

The treatment with DOWCO 290 results in inhibition of cell 
division in zone A and of cell elongation in zone B. Radial en¬ 
largement of cells and cell division are induced in zone B following 
DOWCO 290 treatment. 

RNA polymerase activity refractory to *-amanitin<«>“\ which has been characterized as RNA 
polymerase I, the ribosomal RNA polymerase***"), since the morphological response of 
soybean seedlings to DOWCO 290 is similar to its response caused by 2,4-D, the authors have 
made comparative studies of the RNA synthetic activities of chromatin and isolated nuclei. 
Studies were also made on the RNA polymerases bound in the isolated nuclei, these were 
solubilized and fractionated by DEAE-celluIose chromatography. 

MATERIALS AND METHODS 

Soybean seeds (Glycine max Var. Wayne) were germinated in moist vermiculite in the dark 
at 28 C. After 72 hr of germination, the "treated” seedlings were sprayed with a 500 ppm 
solution of DOWCO 290. After an additional 24 hr the hypocotyl of controls and treated 
tissues were harvested. 

Solutions used: 

Buffer A contains 50 mM tris-HCl buffer (pH 7. 9). IraM MgCl„ 0.25 M sucrose, 10 mM 
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tf-mercaptoethanol. Buffer B contains Buffer A and 0.5% Triton X-100. Buffer C contains 
25 mM MES-NaOH buffer (pH 6.0), 20 mM KC1, 20 mM MgCI, 0.6 M sucrose, 40% glycerol, 
1% monothioglycerol, and 10 mM /3-mercaptoethanol. Buffer D contains 50 mM tris-HCl 
buffer (pH 8.0), 10 mM dithiothreitol, 5mM MgCl„ 25% glycerol, 0.1 mM EDTA, and 0.1 mM 
phenylmethylsulfonylfluridc. 

Preparation of chromatin: 

Chromatin was isolated from mature hypocotyls according to the Lin et al. method 4 * 5 ’. 
Tissue sections were homogenized in buffer A for 1 minute at setting #6 with a Williams 
polytron Model PT-ST (Brinkmann Instrument, Inc.). Homogenization and all subsequent pro¬ 
cedures were conducted at 0-4 C. The homogenate was filtered through 4 layers of cheese¬ 
cloth and a layer of miracloth (Calbiochem.). The filtrate was centrifuged at 4,000 xg for 30 
miniutes and the pellet was collected. Pellected chromatin fractions were washed with buffer 
B and then two times with buffer A. The washed chromatin was used for the assay of RNA 
polymerase activities. 

Preparation of soybean nuclei: 

The preparation of the soybean nuclei followed a procedure described by Chen et alS n 
using buffer C as the grinding medium and buffer D as the washing medium. 

The RNA polymerase activities of the chromatin and the nuclei preparation were assayed 
at 28 C in a 0.25 ml. reaction mixture containing 50 mM tris-HCl buffer (pH 8.0), 10 mM 
dithiothreitol, 5 mM MgCl t , 20% glycerol, 0.4 mM each of ATP, GTP and CTP and 1 /uc of 
0.02 mM *II-UTP (1//c, 1 pmole-134 cpm). Other additions are described in the table and 
figure legends. 

RNA polymerase 1 and II were solubilized from nuclei as described in a previous paper< # \ 
The solubilized RNA polymerase fraction was recovered in the supernatant after centrifugation 
for 30 minutes at 40,000 rpm (Ti 65 rotor, Beckman L2-65 B ultracentrifuge). RNA poly¬ 
merase was precipitated by adding 0.38 g/ml of solid ammonium sulfate (enzyme grade). The 
protein pellet was suspended in buffer D containing 300 mM ammonium sulfate. The crude 
enzyme was dialyzed overnight at 2 C against same buffer. The dialyzed enzyme solution was 
diluted to 50 mM ammonium sulfate with buffer D just prior to fractionation on DEAE- 
cellulose column. DEAE-cellulose chromatography was carried out as described by Roeder 
and Rutter 4 **’. The crude enzyme was applied to a DEAE-cellulose column and fractionated 
with a linear ammonium sulfate gradient. 

The solubilized RNA polymerases were assayed in 0.25 ml reaction mixture containing 50 
mM tris-HCl buffer (pH 8.0), 10 mM dithiothreitol, 5 mM MgCl., 5% glycerol, 1 mM MnCl., 
50 mM ammounium sulfate, 20 ug of heat-denatured calf thymus DNA, 0.4 mM ATP, CTP, 
GTP and 0.02 mM *H-UTP (1//c). Reactions were terminated by addition of 2 ml of 10% 
cold trichloroacetic acid and 8 mM sodium pyrophosphate. Precipitates were collected on 
GF/A glass fiber discs (Whatman), washed with 5% trichloroacetic acid and 95% ethanol, 
dried under a heat lamp and counted in a Parkard Liquid Scintillation Spectrometer. 

Chemical composition analysis of nuclei: 

The extraction of DNA and RNA from isolated nuclei was accomplished by using the 
method of Howell 41 *’. The DNA was determined using the diphenylamine assay 4 *’ with calf 
thymus DNA as standard. RNA content w-as estimated by the orcinol method using yeast 
RNA as standard 410 . Protein content determined by the Lowry Folinphcnol method 4 * 1 ’ using 
a bovine serum albumin as standard. 
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RESULTS AND DISCUSSIONS 

When DOWCO 290 is applied to young etiolated soybean seedlings, cells of the mature 
hypocotyl enlarge radially and proliferate, while the normal growing point or apical meristem 
becomes quiesent. This phenomenon is similar to that given by the synthetic auxin 2,4-D 
when it is sprayed on etiolated soybean seedlings. Key et al. reported that 2,4-D induced 
abnormal proliferation of the mature hypocotyl which was preceded by a large increase in 
RNA, especially ribosomal RNA* l »> 1 ”. This large accumulation of RNA in the mature tissues 
was associated with an enhanced chromatin-directed RNA synthetic activity**”. DOWCO 290 
also enhanced chromatin-directed RNA synthetic activity, especially the chromatin-binding 
RNA polymerase activity (Table 1). In the recent studies on soybean chromatin isolated .by 
conventional methodology* 1 ” shows that this chromatin possesses practically all of the RNA 
polymerase I activity of the tissue but little or no RNA polymerase II which is present in the 
high supernatant fraction* 1 ”. In order to study the effect of this herbicide on RNA synthesis 
and to see whether this is mediated through RNA polymerases, the nuclei were isolated from 
the tissue and then the RNA synthetic activities were assayed in vitro. These results are 
shown in Table I. The nuclei isolated from DOWCO 290-treated tissues contained about 5 
times as much RNA polymerase I activity as the nuclei isolated from untreated tissue. But 
there was no significant difference between the level of RNA polymerase II activity as ex¬ 
pressed in the isolated nuclei between the untreated and treated tissue. 


Table 1. RNA polymerase activities of chromatin and nuclei isolated from 
untreated and DOWCO 290-treated soybean hypocotyls 


Assay 

RNA polymerase activity (cpm/10 fig DNA) 

I/II ratio 

vl 

11 

Chromatin (U)* 

1,598 

222 

_ 

Chromatin (T)* 

16,998 

366 

_ 

Nuclei (U)* 

2,958 

7,721 

0.38 

Nuclei (T)* 

16,435 

7,028 

2.25 


Soybean chromatin and nuclei were assayed for RNA polymerase I and II activity with 3 H- 

UTP as described in the section on materials and methods. Polymerase I activity was based on 4 fig/ 
ml a-amanitin insensitivity at 50 mM ammonium sulfate. Polymerase II activity was determined as 
the difference of incorporation in the presence of 4/tg/ml a-amanitin at 200 mM ammonium sulfate. 
*H-UTP incorporation into RNA was measured at 28 C for 20 minutes (134 cpm=l p mole). 

* U: Untreated, T: Treated. 

Since chromatin yields only bound RNA polymerase I and no bound RNA polymerase II, 
RNA polymerases were solubilized from isolated nuclei to study the relative level of RNA 
polymerase I and II in untreated and DOWCO 290-treated hypocotyls. Fig. 2A and Fig. 2B 
show that the isolated nuclei from treated and untreated tissues contain nearly equivalent 
levels of RNA polymerase II, but DOWCO 290-treated nuclei have a 3- to 4-fold higher levels 
of RNA polymerase I than untreated nuclei. 

Composition ol isolated nuclei: When the isolated nuclei were stained with methyl green- 
pyronin y, the nucleolus was stained red and the nucleoplasm was. stained blue. The DOWCO 
290-treatment did not significantly alter the size of nuclei (being about 6x8 to lOniju in 
size in both treated and untreated tissue). On the other hand, the size of the nucleolus in¬ 
creased significantly after treatment with DOWCO 290 and was similar to 2,4-D treatment 
(The diameter was 1.5 to 2.5 m fi for the untreated and 4 to 6 m fx for the treated nucleoli). 
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Fig. 2A. Dowco 290-Treated 



Fig. 2. DEAE-ccIlulosc profiles of RNA polymerases solubilized from isolated nuclei. 

17 mg of crude enzyme was applied to DEAE-cellulose column (0.9x9cm), 
and eluted with 50 ml buffer containing ammonium sulfate gradient from 0.05 
to 0.5 M. 50 drops per fraction was collected. The RNA polymerase was 
assayed as described in materials and methods. 

•-# without or-amanitin 

A, -^ with 1 /<g/ml or-amanitin 
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The relative amounts of DNA, RNA and protein from purified nuclei isolated from untreated 
tiessus and from DOWCO 290-treated tissues as compared with 2,4-D treated tissues are given 
in the Table II. The relative DNA: RNA: Protein values were about 1:3:11 for nuclei 
from untreated soybean hypocotyls. The amount of DNA per nucleus was 4±lpg for both 
untreated and treated tissues. However, the nuclei from DOWCO 290-treated tissues contain¬ 
ed almost twice as much RNA and protein as the untreated nuclei. 

Table II. Relative chemical composition of soybean nuclei isolated from untreated, 
auxin-treated and DOWCO 290-treated soybean hypocotyl 


Nuclei source 

DNA 

RNA 

Protein 

Untreated 

100 

310.4:20 

1,110±150 

2,4-D treated (2.5x10 *M) 

100 

5404:50 

2,170±210 

DOWCO 290 treated . 

100 

436 ±40 

2,530 ±230 


The data arc based on an average of five experiments. The amount of DNA per isolated nu¬ 
cleus from either untreated or treated was 4 '-1 pg. 

A wide variety of hormones administered in vivo have been reported to enhance chro¬ 
matin-bound RNA polymerases in both plants 0 ’ 15 ’ 17 ’* 0 and animals 0 ’*’ 15 ’* 71 . Both nucleolar 0 ’ 0 
and nucleoplasmic 00 RNA polymerases are subject to hormonal regulation in animals. Plant 
nuclei possess RNA Polymerase I and II which have similar properties to RNA polymerases in 
isolated animal nuclei 00 . RNA polymerase I is optimally active at low ionic strength (50 mM 
ammonium sulfate) and is insensitive to low levels of a-amanitin (50 y 0 inhibition at 600 
//g/ml). RNA polymerase II is optimally active at high ionic strenght (200 mM ammonium 
sulfate) and is sensitive to low levels of a-amanitin (1 //g/ml). RNA polymerase III which 
has been reported to synthesize f-RNA and 5 S RNA in animal nuclei 00 , was not detected 
in this study. We are currently using DEAE-scphadex to see whether the absence of RNA 
polymerase III in soybean isolated nuclei is due to poor separation from RNA polymerase I. 

Nuclei isolated from soybean seedling which were sprayed with 2,4-D show a specific 
enhancement of RNA polymerase I while RNA polymerase II was not significantly affected. 
This enhanced RNA polymerase I activity coincides with a dramatic increase in RNA, protein 
and nucleolar swelling in the nuclei which were isolated from auxin-treated soybean hypocotyl 01 . 
When DOWCO 290 js applied to intact plants, it effects RNA synthesis. From the re¬ 
sults presented here, DOWCO 290 also enhances the RNA polymerase I activity resulting in 
a dramatic increase in RNA and nucleolar swelling in the nuclei. The activity of RNA 
polymerase I is also selectively modulated in several other eukaryotic systems 0 ’ 15 ’”’* 0 . 
Although there is little definite information about the mechanism of regulation of RNA poly¬ 
merase l in these system, there is suggestive evidence that the modulation in amount (rapid 
turnover) or activity of a subunit or regulatory component may be involved 00 . 
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